
Medical Hypotheses 78 (2012) 606–615
Contents lists available at SciVerse ScienceDirect

Medical Hypotheses

journal homepage: www.elsevier .com/locate /mehy
Long term antibiotic therapy may be an effective treatment for children co-morbid
with Lyme disease and Autism Spectrum Disorder

Mason Kuhn a,⇑, Shannon Grave a, Robert Bransfield b, Steven Harris c

a University of North Dakota, 231 Centenial Drive Stop 7189, Grand Forks, ND 58202-7189, USA
b Robert Wood Johnson University of Medicine and Dentistry Medical School, Education and Research Building, 401 Haddon Avenue, Camden, NJ 08103, USA
c Stanford University, School of Medicine, Stanford University Medical Center, Stanford, CA, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 10 October 2011
Accepted 19 January 2012
0306-9877/$ - see front matter Published by Elsevier
doi:10.1016/j.mehy.2012.01.037

⇑ Corresponding author.
E-mail addresses: MasonKuhn@hotmail.com (M. K

du (S. Grave), bransfield@comcast.net (R. Bransfiel
k.net (S. Harris).
Patients diagnosed with Lyme disease share many of the same physical manifestations as those diag-
nosed with an Autism Spectrum Disorder (ASD). In this study four male children (ages 26–55 months)
who have an ASD diagnosis and one male child (age 18 months) who displayed behaviors consistent with
an ASD, were assessed using the SCERTS Assessment Process Observation (SAP-O) form. The SAP-O meets
state and federal requirements for providing a comprehensive, ongoing assessment of a child with an ASD
[33]. The SAP-O form measures children’s abilities using observational, authentic assessment procedures
in the domains of joint attention, symbol use, mutual regulation, and self regulation via observations of
specific behaviors in familiar settings [33]. The five children tested positive for Lyme disease and their
SAP-O score was evaluated before and after 6 months of antibiotic therapy. Each child was prescribed
200 mg of amoxicillin three times per day and three of the five children were prescribed an additional
50 mg of Azithromycin once per day. All of the children’s scores on the SAP-O assessment improved after
6 months of antibiotic therapy. The assessors also reported anecdotal data of improved speech, eye con-
tact, sleep behaviors, and a reduction of repetitive behaviors.

Published by Elsevier Ltd.
Introduction

Autism is a developmental disorder that appears in the first
3 years of life; a physical condition linked to abnormal biology
and chemistry that affects the brain’s normal development of so-
cial and communication skills [30]. Over the last 20 years the prev-
alence of Autism has increased by over 600% [6]. Because of current
prevalence rates, the term Autism Spectrum Disorders (ASD) is
commonly used. This classification (ASD) is inclusive of diagnoses
under the Pervasive Developmental Disorders in the Diagnostic
and Statistical Manual IV-TR: including Autistic Disorder, Asper-
gers Disorder, and Pervasive Developmental Disorder, Not Other-
wise Specified (PDD-NOS) [12]. Many hypotheses for increased
prevalence rates have been proposed, this study investigates the
correlation between ASD and Lyme disease and the use of long
term antibiotics as a possible treatment.

Lyme disease is a multisystemic illness caused by the spirochete
bacteria Borrelia burgdorferi (Bb); it is the most common vector
born disease in the United States [13]. Lyme disease has been
called ‘‘The Great Imitator’’ because infected individuals often
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present neurological and physical symptoms that are similar to
other disorders [8]. Late stage Lyme disease is commonly misdiag-
nosed because it mimics many better known disorders [32].

Misdiagnosis of initial symptoms of Lyme disease and delayed
treatment can lead to debilitating chronic illnesses with musculo-
skeletal, cognitive, and neuropsychiatric impairments [10]. Chil-
dren who have gone undiagnosed and later been found to have
Lyme disease have displayed one or more of the following symp-
toms: decreased reading comprehension and handwriting skills,
impaired speech fluency, attention deficit behavior, hyperactivity,
withdrawal from activities with peers, inability to perform at grade
level, obsessive compulsive behavior, anxiety, mood swings,
dyslexic-like behaviors, sensitivity to light and sound, and inability
to manage frustration [2,21]. All of these symptoms would be con-
sidered criteria for Autism Disorder [4].

A review of case studies and literature has shown that between
3% and 25% of children reportedly lose their ASD diagnosis and
enter the normal range of cognitive, adaptive and social skills
[23]. The question should be raised, why do a small percentage
of children diagnosed with an ASD lose their diagnosis and what
caused them to present behaviors similar to an ASD? Or were these
children misdiagnosed with an ASD and do the behaviors they
present have a physiological, pathogen induced cause?

Published studies in peer reviewed literature have shown that a
number of individuals who are diagnosed with an ASD test positive
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for Lyme disease. A study of was conducted by Dr. Garth Nicolson
in 2003 where 20% of the children diagnosed with an ASD came
back positive for Lyme disease [9]. A similar study was conducted
by Dr. Aristo Vojdani [38] and 22% of the ASD patients he tested
came back positive. Also, in a personal interview with an assistant
of Dr. Charles Ray Jones, the only pediatric physician in the world
who exclusively treats Lyme disease, he estimated that 50% of his
patients who have been diagnosed with an ASD have come back
positive for Lyme disease (Personal Interview April 8, 2011).
Hypothesis

The hypothesis proposed is that there may be a correlation
between Lyme disease and ASDs and that long term antibiotic ther-
apy may be an effective treatment. The theory is based on peer re-
viewed literature comparing biological similarities suggesting a
casual comorbility, geographical rates of prevalence in the United
States for Lyme disease and ASD, and a small sample set of children
whose autistic symptoms improved when prescribed oral antibiot-
ics (amoxicillin and in some cases combined with Azithromycin).
The children in the study were selected when the lead author in-
quired to their parents about testing their child for Lyme disease.
There has been published text suggesting an association between
Lyme disease and ASDs [9], but a study of how children diagnosed
with Lyme disease and an ASD react to antibiotics could not be
found in a search of peer reviewed literature. Published studies
have demonstrated that patients diagnosed with Lyme disease that
have cognitive impairments, specifically memory, and fatigue im-
proved with long term antibiotic therapy, but relapsed when they
were taken off the antibiotic [17]. When the five children in the
study tested positive for Lyme disease the question of whether or
not their autistic symptomology would improve when antibiotic
therapy began. Four of the five children had previously received
a diagnosis of Autism Disorder and one of the five presented symp-
toms suggesting an ASD. All five children tested positive for Lyme
disease, via positive Indirect Fluorescent Antibody (IFA), Western
Blot assay, and clinical diagnosis. Some of the symptoms that the
parents reported that led to the clinical diagnosis was that their
child was lethargic, frequently displayed flu-like symptoms, sleep
disturbance, irritability, attention issues, obsessive behavior,
speech impediments, light or sound sensitivity, and their mother
tested positive for Lyme disease (Fig. 1). The children also live in
an area that is considered endemic for Lyme disease. It is not clear
if Lyme disease was the causative factor in the children’s ASD
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Fig. 1. Bottom twenty-five states for prevalence of Autism Disorder
diagnosis or if Lyme disease is simply exasperating the autistic
symptoms in the children, but in this vey limited study the chil-
dren’s autistic behaviors quantitatively improved on an ASD
assessment tool when treated with long term antibiotics.

Antibiotic therapy is the recommended treatment for patients
diagnosed with Lyme disease [13], but the duration of the antibiot-
ics needed to properly treat the patient has been debated by
researchers [36]. The children’s physician determined a treatment
of long term antibiotics was the best course of treatment to treat
the children’s infection.

If the hypothesis is validated, through further research, the im-
pact could be significant. It is very rare for a pediatrician to screen
for Lyme disease when a patient displays behaviors suggesting an
ASD. If a long term course of antibiotics can help individuals diag-
nosed with an ASD and Lyme disease better assimilate to the envi-
ronment around, via increased verbal communication skills and
increased social interaction, their chances of becoming an indepen-
dent productive member of society could possibly increase.

Evaluation of the hypothesis

Making a correlation between Lyme disease and ASDs is critical
for validating the use of antibiotics as a potential treatment meth-
od for individuals who display autistic behaviors and Lyme disease
is suspected. It should be noted that the decision to treat the chil-
dren in the study with antibiotics was based on the physician’s
decision to care for Lyme disease, not autistic behavior.

The subsequent information is not quantified and only presents
an informal correlation of geographic parallel and physical symp-
toms presented in Lyme disease and ASD patients, but the similar-
ities are what led to screening the children in the study for Lyme
disease.

Lyme disease and autism: a statistical increase

Over the last 20 years the number of individuals diagnosed with
an ASD and those diagnosed with Lyme disease have increased [14]
[37]. The fact that the disorder and the disease have increased
during the same time period does not necessarily mean they are
related, there are many other factors that could contribute to the
increase of diagnoses of ASD. Upon examining geographic repre-
sentations of rates of Lyme disease and cross referencing those
with prevalence rates of ASD diagnoses by geographic region, there
are some compelling correlations between the two. Populations of
ases 2009

K FL AR UT WY NE TN ID SC ND WV AZ WA

revalence of Autism

Autism per 10,000

Lyme Disease per 100,000

and prevalence of Lyme disease in those states in 2009 [14,37].
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Fig. 2. Top twenty-five states for prevalence of Autism Disorder and prevalence of Lyme disease in those states in 2009 [14,37].
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infected ticks are predominantly found in north eastern and upper
mid west regions of the United States [11] and these correspond to
areas with higher rates of ASD diagnoses [37].

Of the twenty states that reported the highest occurrence of
Autistic Disorder (a specific ASD) per 10,000 people; fifteen re-
ported a higher than average number of Lyme disease cases
(Fig. 2). Conversely, of the twenty states that reported the lowest
incidence of Autistic Disorder per 10,000 people; zero reported a
higher than average number of Lyme disease cases (Fig. 1). The
average number of reported individuals with Lyme disease per
state per 100,000 people in 2009 was 13.69 [14].

Autism and Lyme disease: similar biological abnormalities

At present time the origin of ASD’s are largely unknown
although genetic, environmental, immunological, and neurological
factors are thought to play prevalence in the rates of ASDs [6]. Over
the last decade medical researchers have struggled to fully under-
stand the genetic abnormalities in children with ASDs.

One biological abnormality that ASDs have been linked to is
autoimmune disorders [5]. An autoimmune disorder is a condition
that occurs when the immune system mistakenly attacks and de-
stroys healthy body tissue [29]. Currently, there is no known cause
of autoimmune disorders [3] but, patients with Lyme disease who
do not respond to initial antibiotic treatment and present physical
and neurological symptoms can attribute the continuing symp-
toms to persistent infection or pathogen-induced autoimmunity
[1]. The National Institute of Allergy and Infectious Diseases [28]
claims:

‘‘Antibodies against the OspA epitopes of B. burgdorferi have
been shown to cross react with neural tissue. Such antigenic
mimicry may have the potential to generate autoimmune
inflammatory reactions that could be responsible for the neuro-
logical symptoms associated with chronic Lyme disease’’.
This suggestion that some autoimmune disorders have an active
infectious disease component could provide a link between Lyme
disease and a number of patients diagnosed with an ASD. In pub-
lished studies, the immune history of families affected by an ASD
was compared to the immune history of a control group consisting
of families with no history of an ASD diagnosis. The prevalence rate
of autoimmune disorders was greater in families with a history of
ASDs as compared to the control group. Further, as the number of
autoimmune disorders increased from one to three, the prevalence
of ASD was also greater [15].
Another irregularity those diagnosed with Lyme disease and an
ASD share is hypoperfusion. Hypoperfusion occurs when there is
decreased blood flow through an organ; if prolonged, it may result
in permanent cellular dysfunction [16].

A study examined the SPECT scans of thirteen individuals who
had a diagnosis of Lyme disease. The SPECT scans showed multiple
areas of hypoperfusion in the temporal lobes of the patients [25].
Some of the patients in the study were diagnosed with anxiety
and depression. When those individuals began antibiotic treat-
ment they showed improvements in their neuropsychiatric symp-
toms and the areas of hypoperfusion decreased [25].

Another study comparing children with an ASD to those with
intellectual disabilities found significant hypoperfusion in the tem-
poral lobes of children diagnosed with an ASD, particularly in the
left and right superior temporal gyrus [39]. There was no hypoper-
fusion found in the comparison group of individuals affected by
intellectual disabilities [39].

Kolb & Wishaw [24] have identified eight principle symptoms of
temporal lobe damage: (1) disturbance of auditory sensation and
perception, (2) disturbance of selective attention of auditory and vi-
sual input, (3) disorders of visual perception, (4) impaired organiza-
tion and categorization of verbal material, (5) disturbance of
language comprehension, (6) impaired long-term memory, (7)
altered personality and affective behavior, (8) altered sexual
behavior. Nearly all of the symptoms of temporal lobe damage listed
by Kolb & Wishaw [24] could be identified as criteria for several
specific diagnoses consistent with an ASD using criteria diagnoses
under Pervasive Developmental Disorders in the DSM-IV-TR.
Damage to the temporal lobe can also have effects on an individual’s
personality. Further, temporal lobe epilepsy can cause perseverative
behavior and speech, paranoia, and aggressive rages [7]. Blumer and
Benson’s [7] identification of perseverative behaviors in individuals
with temporal lobe injury certainly is aligned with those fre-
quently observed in individuals diagnosed with an ASD.

Perseverative behaviors are defined as ‘‘continual involuntary
repetition of a mental act usually exhibited by speech or by some
other form of overt behavior’’ [27]. One aspect of the diagnostic cri-
terion for Autistic Disorder is stereotyped and repetitive use of lan-
guage or idiosyncratic language or echolalia [4]. Other behaviors,
listed as diagnostic criterion for Autistic Disorder, that are similar
to Kolb & Wishaw’s and Bummer & Benson’s behavior due to a
damaged temporal lobe are: delay in, or total lack of, the develop-
ment of spoken language, apparently inflexible adherence to spe-
cific, nonfunctional routines or rituals, and lack of varied,
spontaneous make-believe play or social imitative play appropri-
ate to developmental level [4].
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Further investigations have been conducted between the rela-
tionship of hypoperfusion in the brain and its effects on the sever-
ity of an individual’s autistic symptoms [20]. In the study a brain
analysis was performed on forty-five children diagnosed with Aut-
ism Disorder. As part of that study, the level of hypoperfusion via
brain analysis was compared to the score on the Autism Diagnostic
Interview-Revised (ADI-R). In comparing the score on the ADI-R, a
negative correlation pattern emerged. When the scores on the ADI-
R were lower, the rate of hypoperfusion was more prevalent, sug-
gesting that temporal hypoperfusion is related to the severity of
the individual’s autistic behavior [20].
Empirical data: case studies of five children diagnosed with an
ASD (Or ASD like behavior) and Lyme disease and their
measurable progress before and after antibiotics

Four children who have a diagnosis of an ASD and one who dis-
played behaviors consistent with an ASD were assessed using the
SCERTS-SAP Observation [SAP-O] form before and after 6 months
of antibiotic therapy. The SAP-O form profile summary consists
of 62 observable behaviors under the joint attention domain, fifty
behaviors under the symbol use domain, forty behaviors under
the mutual regulation domain, and 56 behaviors under the self-
regulation domain (Fig. 3). The children were observed by their
teacher and their parents in a setting that was familiar to the child.
After the observation they assigned a numerical score to the child’s
behavior. If the child did not display the assessed behavior during
the observation period parents and teachers assigned a value based
on typical behavior observed on a day to day basis. The lead author,
who has graduate level training in ASD assessment, was available
to all of the parents and teachers if they needed any clarification
on the assessment. The SAP-O score of the five children was eval-
uated before and after 6 months of antibiotic therapy. The com-
bined mean score of both the parents and the teachers were
calculated in an attempt to yield more valid results.

All of the children had at least 8 months of early intervention
services before antibiotic therapy began. The teachers of the five
children each reported minimal or no gains in the child’s ability
to communicate verbally or initiate bids for social interaction dur-
ing the pre-antibiotic period (Personal communication March 5,
2011). All of the children in the study had different teachers, but
each teacher reported using the Applied Behavior Analysis (ABA)
approach. ABA uses methods derived from scientifically estab-
lished principles of behavior and incorporates all of the factors
identified by the US National Research Council as characteristic
of effective interventions in educational and treatment programs
for children who have Autism [19].
Examples of behaviors assesse
Joint Attention
Initiates bids for attention, engages in extended 

Symbol Use
Spontaneously imitates familiar actions or word
own name, and understands a variety of names w

Mutual Regulation
Shares negative and positive emotion attunes to
emotion, requests help when frustrated 

Self Regulation
Initiates bids for interaction, participates in new
independently decreases intensity of dysregulate

Fig. 3. Examples of behaviors included, by not limited to, in the SCERTS SAO form. Paren
met consistently 1 = criterion met inconsistently 0 = criterion not met based on observe
Additional data were collected from the parents of the five chil-
dren including physical symptoms, positive bands on the child’s
Western Blot IgM and IgG, co-infections, and age of diagnosis
ASD and LD (Fig. 13).

It should be noted that all five children continued antibiotic
therapy after the 6 month period of observation, by request of their
physician. No other children were screened or included in the
study. One child is not officially diagnosed with an ASD, but dis-
played many characteristics aligned with those consistent with a
diagnosis of ASD while receiving special education services for
‘‘general developmental delays.’’ Specifically, the behaviors dem-
onstrated that are consistent with ASD include: delayed speech, lit-
tle to no eye contact, restrictive and repetitive behaviors, and
sensory sensitivities.
Child A

As of 4/15/2011 Child A is 3 years, 10 months old. The parents
reported a normal child birth with no complications. They also re-
ported fairly typical development for the first 18 months of life.
Child A displayed reciprocal interaction with parents at 3 months,
displayed emotions in proper context at 6 months, said his first
word and responded to simple commands at 12 months, and
walked at 12 months. All of these milestones fall under typical so-
cial, language, and motor skill development of typical developing
children in the first year of life [31].

Child A initially developed verbal communication from age
12 months to 18 months when he independently spoke 15 words.
At 18 months the parents reported a difference in his demeanor.
They reported that Child A’s language regressed from fifteen words
to just a few words, that he frequently repeated, to a complete loss
of spoken words at 20 months. The parents also reported that he
frequently became dysregulated, most noticeably when his routine
changed (personal communication, March 1, 2011).

After the initial regression of spoken words Child A did not
speak for 14 months. In that time period the parents had him diag-
nosed at the University of Iowa. The doctors gave Child A a diagno-
sis of PDD-NOS at age 26 months. Following the suggestions from
the team at the University the parents had him enrolled in Early
Intervention Services. Child A received in home instruction from
a trained professional who used the ABA approach.

One of Child A’s goals in his Individual Education Plan (IEP) was
to increase verbal communication. Child A was presented with
vocabulary picture cards that had the 95 nouns listed on the Dolch
most frequently used noun word list. The picture card was held
close to the teacher’s mouth and the name of the noun on the card
was said while Child A sat across from the table. The 95 cards were
d on the SAP – O Model 

reciprocal interaction 

s immediately after a model, responds to 
ithout contextual cues 

 changes in partners’ expression of 

 and changing situations, and 
d state.  

ts and teachers gave a score of 2, 1, or 0 on 214 behaviors. Scoring Key: 2 = criterion
d or reported information or would not be expected.



Child A SCERTS Profile Summary 
     Language Partner Stage

0

5

10

15

20

25

30

35

40

45

Joint Attention Symbol Use Mutual
Regulation 

Self-
Regulation

Pre-Antibiotics

After Six Months of Antibiotics

Fig. 5. SCERTS profile summary scores for Child A before antibiotic therapy began
and 6 months into antibiotic therapy.
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presented to Child A nearly every day for 8 months, but Child A did
not speak any words during the work sessions or any other time in
that 8 month period (personal communication March 1, 2011).

Child A was diagnosed with Lyme disease in April of 2010; he
began taking the antibiotic amoxicillin three times a day at that
time. After 14 months of not speaking any words (Age 20–
34 months) Child A spoke his first word, post regression, after
ten days of being on the antibiotic. The teachers and parents con-
tinued to present the vocabulary picture cards and they reported a
steady increase in Child A’s verbal identification (Fig. 4).

If the increased verbal communication that Child A displayed
was by virtue of the antibiotic therapy these findings could be sig-
nificant since delay, or total lack of, the development of spoken
language is one of the diagnostic criteria of Autism Disorder [4].
During the 6 month period of assessment both the parents and
teachers claimed that the only intervention that changed in Child
A’s routine was the use of antibiotics, he still received Early Inter-
vention services and the team used the same ABA approach that
they did before he began treatment for his Lyme disease.

At the time of publication of this paper Child A is still taking
antibiotics. Teachers and parents of Child A reported that he con-
tinues to show positive progress, but he still meets the criteria
for an ASD (Fig. 5).
Child B

As of 4/15/2011 Child B is 4 years and 6 months old. The parents
reported a normal child birth with no complications. Early in life
Child B achieved many typical developmental milestones; he
smiled and gave consistent eye contact at 1 month, smiled when
given a positive antecedent at 3 months, sat up at 4 months, recog-
nized himself in the mirror at 6 months, crawled at 8 months, and
walked at 8 months. All of these milestones fall under typical so-
cial, language, and motor skill development of typical developing
children in the first year of life [30]. The parents became concerned
about Child B’s development when he began toe walking and hand
flapping, refused to eat certain foods, displayed no signs of pretend
play, stopped interacting with peers, and had not displayed any
form of verbal communication around the age of 18 months. At
age 30 months Child B was formally diagnosed with PDD-NOS at
the University of Iowa. He began special education pre-school
shortly after he was diagnosed. His teachers use an ABA approach
(personal communication January 18, 2011).
Child A s
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Fig. 4. Parents and teachers collected data of the number of times Child A verbally identi
for each work session (total correct responses for the month / the number of work sess
The parents of child B were very concerned that he did not follow
instructions and that he was not engaged in activities with adults
and peers. They asked Child B’s teachers to design a work session
to help him follow one word prompts with the goal of him eventu-
ally completing independent activities. One of the work sessions the
teachers designed was to have Child B sit at his table and point to
various items around the room when he was prompted verbally.
The teacher would say ‘‘Child B look at the lamp,’’ they would then
wait 5 s and observe if he would look or point at the item. If he did
not respond after 5 s they gave him a second verbal prompt and
pointed to the item themselves. A positive response was credited
when Child B’s eye gaze followed the point or when he pointed to
the object. The teachers would repeat this activity with five items
per work session. Before Child B began antibiotics his eye gaze al-
most never followed the teacher’s point. But after antibiotic therapy
began he followed the teachers point over 80% of the time (Figs. 6
and 7).

If the increased joint attention that Child B displayed was a re-
sult of the antibiotic therapy these findings could be significant
since a lack of spontaneous seeking to share enjoyment, interests,
or achievements with other people is one of the diagnostic criteria
of Autism Disorder [4].

The parents and teachers of Child B were interviewed by the
lead author after they observed Child B in a typical school and
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home setting using the SAP-O form before and after 6 months of
antibiotic therapy. Both teachers and parents noted that the only
intervention that changed during the 6 month period was the anti-
biotics. The teachers continued to use the ABA approach and the
parents continued their in home interventions the same as before
Child B started antibiotics. Parents and teachers could only provide
anecdotal data, but they claimed that Child B’s hand flapping and
toe walking has almost completely resolved. At the time of publi-
cation of this paper Child B is still taking antibiotics. Teachers
and parents of Child B reported that he continues to show positive
progress, but he still meets the criteria for an ASD.
0
Joint Attention Symbol Use Mutual

Regulation 
Self-Regulation

Fig. 7. SCERTS profile summary scores for Child B before antibiotic therapy began
and 6 months into antibiotic therapy.
Child C

As of 4/15/2011 Child C is 9 years and 9 months old. The parents
of Child C reported a normal child birth with no complications.
They claimed that he met all of his developmental milestones,
but at age 24 months they noticed strange patterns in his speech.
During that same time they noticed that Child C began to become
anti social, display restrictive and repetitive behaviors (hand flap-
ping and toe walking) and he became dysregulated frequently.
Child C was diagnosed with an ASD (PDD-NOS) at the University
of Iowa in February 2005 when he was 4 years and 7 months old
(personal communication August 5, 2010).

Child C’s inability to sustain eye contact when speaking to an-
other individual is one way he stands out from his neurotypical
peers (personal communication March 19, 2011). During a 3 week
period (before antibiotic therapy began) baseline data was estab-
lished to determine how many times he established eye contact
with his teacher when he gave a verbal response in the classroom.
The teacher recorded twenty trials during the 3 week baseline per-
iod where he called on Child C to answer a question in class and
Child C gave a verbal response. Each time Child C established eye
contact with the teacher he was given credit for a desired response.
During the baseline period Child C gave very few desired re-
sponses, but after antibiotic therapy began his number of desired
responses increased (Fig. 8).

If the increased eye contact that Child C displayed was due to
the antibiotic therapy these findings could be noteworthy since
marked impairments in the use of multiple nonverbal behaviors
such as eye-to-eye gaze is one of the diagnostic criteria of Autism
Child B Joint Attent

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

April.
2010

May.
2010

Jun.
2010

Jul.
2010

Aug.
2010 

Da

A
ve

ra
g

e 
C

o
rr

ec
t 

R
es

p
o

n
se

s 
o

u
t 

o
f 

F
iv

e

Fig. 6. Teachers pointed to items in the classroom and asked Child B to ‘‘look’’ at the item
During each work session Child B was asked to follow the teacher’s point five times. Th
correct responses/number of work sessions). The vertical dotted line represents when a
Disorder [4]. Both teachers and parents noted that the only inter-
vention that changed during the 6 month period was the antibiot-
ics (Fig. 9). The teachers continued to use the ABA approach and
the parents continued their in home interventions the same as be-
fore Child C started antibiotics.

Child D

As of 4/15/2011 Child D is 7 years old. The parents of Child D
reported no complications with child birth and claimed that
he achieved all of his early developmental milestones. Child D
turned towards the sound of a human voice at 3 months, sat up at
4 months, imitated familiar actions at 6 months, crawled
at 7 months, walked at 12 months, and said a few words at
12 months. All of these milestones fall under typical social, lan-
guage, and motor skill development of typical developing children
in the first year of life [31].

The parents and teachers of Child D could only provide anec-
dotal evidence, but they claimed that Child D decreased his repet-
itive behaviors of hand flapping and toe walking to a point where
they have almost completely resolved. If the reduction of toe walk-
ing and hand flapping Child D displayed was due to the antibiotic
therapy these findings could be noteworthy since stereotyped and
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Fig. 8. Number of times Child C gave his teacher eye contact when he responded verbally to a question in his classroom. Twenty trials were collected during the baseline
period so for consistency twenty trials were collected during the following months. The vertical dotted line represents when antibiotic therapy began.
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Fig. 9. SCERTS profile summary scores for Child C before antibiotic therapy began
and 6 months into antibiotic therapy.
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Fig. 10. SCERTS profile summary scores for Child D before antibiotic therapy began
and 6 months into antibiotic therapy.
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repetitive motor mannerisms (e.g. hand or finger flapping or twist-
ing, or complex whole-body movements) is one of the diagnostic
criteria of Autism Disorder [4].

The parents of Child D reported an increase in verbal communi-
cation, a decrease in the repetitive behaviors (humming), and an
increase in interactions with siblings and peers (Fig. 10). Both
teachers and parents noted that the only intervention that changed
during the 6 month period was the antibiotics. The teachers con-
tinued to use the ABA approach and the parents continued their
in home interventions the same as before Child D started antibiot-
ics. At the time of publication of this paper Child D was still taking
antibiotics. He continues to show positive progress but still meets
the criteria for an ASD.
Post-Antibiotics

Fig. 11. SCERTS profile summary scores for Child E before antibiotic therapy began
and after antibiotic therapy concluded.
Child E

As of 4/15/2011 Child E is 4 years 6 months old. The parents of
Child E reported a normal child birth with no complications. He fol-
lowed a moving person or objects at 3 months, rolled over at
6 months, and smiled at himself in the mirror at 6 months. All of
these milestones fall under typical social, language, and motor skill
development of typical developing children in the first 6 months of
life [31].
The parents of Child E reported that at the age of 9 months he
began to show physical symptoms consistent with Lyme disease
(Fig. 12). At 18 months they inquired about Lyme disease and after
a positive Western Blot blood test they began antibiotic therapy. At
that time Child E had not displayed any verbal communication, but
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Fig. 12. The average SCERTS profile summary score for Child A–D before they
started antibiotics and 6 months later. Child E’s scores were not included because
his pre-antibiotic score was compared to his score 4 years later after he completed
antibiotic therapy.
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after 2 weeks of antibiotics he spoke his first word. Parents and
teachers reported that he continued to progress and at the end of
the 6 month observation period he had developed over one
hundred words of speech (Fig. 11).
Fig. 13. Age of diagnosis of ASD and LD, physical symptoms, positive WB IgM and IgG b
children in the study.
If the increased verbal communication that Child E displayed
was by because of the antibiotic therapy these findings could be
significant since delay, or total lack of, the development of spoken
language is one of the diagnostic criteria of Autism Disorder [4].

Both teachers and parents noted that the only intervention that
changed during the 6 month period was the antibiotics. The teach-
ers continued to use the ABA approach and the parents continued
their in home interventions the same as before Child E started anti-
biotics. At the time of publication of this paper Child E was still tak-
ing antibiotics. He continues to show positive progress but still
meets the criteria for an ASD.
Consequences of the hypothesis and discussion

All five children in the study showed improvement in their
autistic symptomology after beginning long term antibiotic treat-
ment for Lyme disease (Fig. 12). Some of the children showed
improvement in verbal communication skills, with Child A regain-
ing his ability communicate after a complete loss of speech after
the age of 18 months. That child reportedly began to regain speech
ten days after the introduction of antibiotic therapy. Child E also
began to acquire speech, signified by speaking his first word ten
days after beginning antibiotic therapy.
ands, co-infections, prescribed antibiotic(s), and physical improvements of the five
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The parents and teachers of the youngest child in the study re-
ported the most amount of progress during the observation period.
The three youngest children in the study (Child A, B, and E) showed
the highest increase of mean score on their SCERTS SAP-O form.
This raises the potential importance of early screening for Lyme
disease as a factor influencing the recovery from infection and
changes in the developmental trajectories of children with ASD.

Another interesting similarity all of the children in the study
share is that they all displayed ‘‘regressive’’ autism. Regressive aut-
ism occurs when a child appears to develop typically but then
starts to lose speech and social skills, typically between the ages
of 15 and 30 months, and is subsequently diagnosed with autism
[35]. The exact etiology of regressive autism is unknown but envi-
ronmental factors have been suspected [34]. Dr. Brian Fallon has
suggested a latency period of months to years between initial
infection and onset of symptoms in some patients with neuropsy-
chiatric impairments due to Lyme disease [18]. The parents of the
five children in the study could not pinpoint an exact date of infec-
tion, but their treating physician suggested that the Bb. bacteria
could have been transmitted congenitally since all five of their
mothers were diagnosed with Lyme disease (personal communica-
tion April 3, 2011) and Bb has been shown to be transmitted con-
genitally in infected mothers [26]. If the Bb. bacteria were
transmitted congenitally and this latency period presented itself
in the infected children it could lead to an explanation of their late
onset of autistic symptomology.

If the small sample studies are any indication of the number of
children who have a diagnosis of an ASD and are infected with
Lyme disease there could be a large population of people who
could improve their physical and mental health with proper treat-
ment. An estimated 750,000 individuals in the United States are af-
fected by an ASD [12]. If 20% of those individuals test positive for
Lyme disease potentially 152,000 people could improve their over-
all health with antibiotic therapy. More research needs to be con-
ducted to determine if a percentage of children diagnosed with an
ASD are experiencing an exacerbation of their ASD symptomology
due to Lyme disease.

Dr. Michael Ganz, Assistant Professor of Society, Human Devel-
opment, and Health at Harvard School of Public Health estimated
that the cost to care for an individual with an ASD over their life-
time is 3.2 million dollars [22]. He also estimates that the annual
cost to parents and health care providers is between $39,000 and
$130,000. If a large number of children can alleviate some of their
symptoms with antibiotic therapy to treat their Lyme disease the
financial impact could also be significant.

While significant gains were noted in each of the children with
ASD (and ASD symptomology) when they received long term anti-
biotic therapy, it is important to note that there are no claims that
the treatment for Lyme disease ‘‘cured’’ the individual of their aut-
ism. It is believed that treating the Lyme disease significantly im-
proves the individual’s physical and mental health, thereby
creating an opportunity for learning, through increased communi-
cation skills and social interaction, that had not been present prior
to treatment for the physical condition of Lyme disease. It is a rea-
sonable course of action to screen children with ASD for co-occur-
ring Lyme disease and other tick borne illnesses in the case that
they are also affected with a debilitating neurological disease and
are incapable of effectively communicating poor physical health.

The authors realize that the data from this study is not signifi-
cant enough to support a definitive claim that long term antibiotic
therapy should be a treatment option for children diagnosed with
an ASD and Lyme disease. The sample is too small, there is a lack of
a control group, and only a single follow up assessment was used.
The authors’ goal is to disseminate the improvement of the symp-
tomology of Autism Disorder of these five children after long term
antibiotic therapy and present a case to hopefully persuade further
investigation of the potential exacerbation of autistic symptoms
due to Lyme disease infection.
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